Abstract -The evaluation of food safety state means to assess risk factors regarding the safety of food, and to finalize the security state of food. This report illustrates two factors: the healthy index affecting the food safety state and the sensory index reflecting its status. In order to establish the evaluation index system of food safety, the article uses the improved method of fuzzy information axiom for better evaluating the food safety state. Finally, in ham sausage, for example, proves that the sample A is the best.
Introduction
As repeated food safety problems arise, more and more people pay attention to food safety state. Considering the superficial and potential damage factors, food safety state refer to the degree of negative factors in food to the consumers' health in a country or region over a certain time [1] . According to the related regulation of Food Safety Law of the People's Republic of China, hazardous matter content should be controlled within the limited range of food safety standard in the process of food production and circulation, to ensure the safety of the public health and life. That is to say, the parameters of factors influencing food safety state should conform to the requirements of the food safety standards. In view of this, correct assessment of food safety state is extremely essential. Based on the collection of information on factors influencing food safety, evaluation of food safety state works out the judgmental description of the current food safety state, and finally the priority ordering [2] . Scientific and appropriate evaluation of food safety state, not only can provide the correct information for consumers, ensuring the life and health, but also can provide the decision-making basis for food safety management function.
About studies of food safety state evaluation, scholars at home and abroad have done a considerable amount of work. Generally, the studies include the construction of assessment index system of food safety state and the use of evaluation method. In the design of index system, most of the scholars based on the physical, chemical and biological contamination damage design micro measurable factors as evaluation indexes [3] [4] [5] [6] [7] , mainly including bacteria, harmful microbial contamination, heavy metal poisoning, agriculture and veterinary drug residue, and the abuse of food additive, etc. These indicators are fair and detailed, and they certainly could reflect the current state of food. However, these indicators are single and one-sided in a certain sense. In the evaluation system, various methods and mathematics models were established. In overseas, such methods as biologically based dose response models, probabilistic approach, deterministic approach and relative potency factor systems were used, moreover, dietary risk assessments of exposure to chemicals and organisms were concernedly performed [8] . In China, such methods as analytic hierarchy process combined with grey correlation analysis method, extended rough set model and toxicological analysis were used extensively, besides, fuzzy comprehensive evaluation method was adopted by more scholars [9] . The starting point of all kinds of evaluation method is different, and the applicable objects are different, so these methods have their advantages and disadvantages. Suh's Axiomatic Design Theory provides a alternative evaluation method [10] , and this theory could assess the quantitative index. Combined with the fuzzy evaluation process, the model may carry on the appropriate estimation of qualitative indicators. Quantitative indexes and qualitative indexes can be assessed reasonably by the combination of the two methods.
In view of this, through reference to national food hygiene legislation, HACCP standard practice, and on the basis of predecessors' research results [11, 12] , author formulates a number of technical and analytical evaluation index system of food safety state in this article. Through the application of the improved fuzzy information axiom of evaluation methods, combined with concrete examples, it concludes that the food safety state of sample A is the best. Author carries out the specific evaluation process and proves that this method is relevant and applicable in the assessment of the food safety state.
The Design of Evaluation Index System of Food Safety State

The concept of index design
It is necessary to understand some principles of index design. Starting from the connotation of food safety state, the general principles such as technical nature, feasibility, completeness, measurability, importance must be followed [13] . What's more, the principles of food sensory index design such as the characteristic, the correspondence and the combination of qualitative and quantitative need be followed about the food sensory evaluation [14] .
1. The characteristic principle: the indicators need reflect the characteristics of the food state.
2. The correspondence principle: the characteristics of some sensory indexes is the independent implementation of health indicators, so two kinds of index need to be able to International Conference on e-Education, e-Business and Information Management (ICEEIM 2014) explain, enhance and support each other.
3. The combination of qualitative and quantitative: qualitative index needs not only qualitative description, but also needs to be defined by quantitative parameters for quantitative evaluation reasonably.
The construction of index system
Food safety state refers to the influence degree of harm to the health of consumers. Through the study of national standard and related documentation, the article sums up the indicators of food safety state typically include: health indexes and sensory indicators. Health index refers to that some factors can ensure the most basic food safety, including toxins, microbes, heavy metals, etc.. It is the bottom line of ensuring food safety state and determines the safe state of food. Sensory indicator refers to that ones can reveal the sensory characteristics of food, such as appearance, smell and texture. Sensory indexes not only can meet the demands of edible, can also indicate the state of food safety [15] .
In view of the building evaluation index system of food safety state, the construction of index system can use the conventional method for reference. The general evaluation system can be divided into overall layer, criterion layer and index layer [16] . On the evaluation system of food safety state, its overall layer should carry out the food safety state level of a certain species, nation or region. Criterion layer is the concept category affecting the state of food safety, and through the above analysis, the criterion layer can be divided into health index and sensory indicator. Index layer is the primary evaluation index in the evaluation system, will essentially reflect the different aspects of the food safety state. As following, a total of 11 quantitative and qualitative basic indexes obtained.
Evaluation index system of food safety state as shown in the Qualitative indexes need be described by quantitative language, so the linguistic scale shows in the Table 1: In order to determine the qualitative indexes more accurately, the linguistic scale should be translated into data.
According to the Table 1 , the data are designed to be 5 points. The linguistic scale is assigned values of 1-5 in turn, and the values in Table 2 correspond to the ones in Table 1 . 
Fuzzy information axiom model
Axiomatic design
Axiomatic Design (AD) proposes to formulate a scientific and systematic basis that provides structure to design process for engineer. The primarily purpose of AD is to provide a thinking process to create a new design and/or to improve the existing design [17] . Axiom 1. The Independence Axiom Statement 1. An optimal design always maintains the independence of functional requirements (FRs) Statement 2. In an acceptable design, the design parameters(DPs) and FRs relate in such a way that specific DP can be adjusted to meet its Corresponding FR without affecting other FR.
Axiom 2. The Information Axiom Statement. The perfect design is a functionally uncoupled design that has the minimum information content.
Axiomatic design uses success probability of design parameters meeting the functional requirements for expressing satisfaction of policymakers, then, the probability is translated into the amount of information by some formulas, selecting the least amount of information for the best solution. However, information axiom can only work out the amount of information of exact numerical indicators. So combining the fuzzy mathematics method, the method can include the linguistic scale of qualitative indexes translated into data. At last, the model overcomes the weakness that qualitative indexes information is difficult to calculate in traditional information axiom and makes the evaluation and decisionmaking more accurate.
The information content of quantitative index
The information axiom (IA) is a conventional method and facilitates the selection of proper alternative. In other word, information axiom helps the independence axiom to put forth the best design. The information axiom symbolized by the information content relates to the probability to satisfy the design goals [18] . The information content (I) given by (1) . Fig.2 illustrates the calculation procedures for the probability of achieving the design goal for only one FR. Fig.2 The relationship among design range, common area, and system range In practice, it is often difficult to calculate successful probability of meeting the functional requirements directly. In the recent studies, Kulak and Kahraman [19, 20] extended the information axiom under fuzzy environment, and the new methodology is used for the solution of decision making problems under fuzzy environment. Both system and design ranges consist of triangular fuzzy numbers(TFN). Therefore, the probability calculated by (2) 
The amount of information of qualitative index
Qualitative indexes need to be numerical analysis, and the study choose fuzzy membership function to deal with the parameter. Triangular fuzzy unit is easy to use, and can show different kinds of fuzzy variables, so this paper uses triangular fuzzy number to scale the qualitative indexes.
Considering the aspect of the evaluation index system of food safety state, the evaluation system requires linguistic values of qualitative indexes as greater as possible, possessing the benefit attributes. Suppose the function worthy of an indicator is 'common' in A solution and 'good' in B solution, then the design requirements is more than 'common', so the design range is a whole area more than 'common' as shown in Fig. 4a and 4b .
System choice is included in the design scope, and normal choice is equal to the triangular fuzzy numbers of system range. According (3), information contents of two solutions are all equal to 0. They are the same, but the B solution should be better than A obviously. In order to solve this problem, it is necessary to redefine the calculation formula of information content.
In terms of benefit attributes, the TFN of good value actually contains the part of scope that is bigger than its. Such as Fig.4b , its TNF of system range should be shown in the Fig.4c . It is necessary to emphasize that the design range is settled up according to expectations of customers, meaning the functional requirement of the customer. For the same alternative offer, different customers have different requirements, namely the assessment aimed at requirements of customers. So successful probability can be expressed to (6) , and the calculation formula of information content rewritten as (7) . Given the different nature of each evaluation index, generally different indicators have different dimension and level of magnitude. After calculating the index information contents by the above formula and in order to guarantee the reliability of the results, it is necessary to deal with the original data of information content by standardization method. Then carry out the total information content on the basis of (8) . Supposing there are m factor indexes, the total information content is the sum of each information content. 
Range
Evaluation process of the fuzzy information axiom
In this section, the main steps of the methodology in the evaluation of the food safety state are given as follow.
Step 1: Determining evaluation indexes system. For the qualitative indicators, the linguistic scale should be setted up, and then translated into data.
Step 2: Determining the design and system range of each evaluation index, and using triangular fuzzy number to work out the membership function curve.
Step 3: Analyzing the nature of the evaluation index, if it is quantitative said, using (5) calculate directly; if it is qualitative said, Equation (7) should be used to calculate. Step 4. Repeating step 3, carrying out the information concent of each index, then dealing with the data by standardization method, besides, calculating the total information content according to (8) . Finally, choosing the minimum information content for the optimal solution.
Application Example
Ham sausage is a kind of meat food that is delicious, easy to carry, and has long shelf life, but with the events happening, such as the clenbuterol and the expired meat, consumers pay more and more attention to the security state of the ham sausage. Some data of three kinds of hum sausage is shown in Table 3 , including a part of test data about health indicators and the limit of the standard regulations. The results of experts' perception and consumer demands to the indicators are shown in Table 7 .
(1)The information concent calculation of quantitative index According to the nature of indicators, the information concent of quantitative index should be calculated by (5) . To save space, there is not the calculation process, only listing the results of the information concent, as shown in Table 4 . The data through 0-1 standardized processing is shown in Table 5 . Comprehensive the above, the information concent result of quantitative index is shown as follow. (2) The information concent calculation of qualitative index For qualitative indicators, it needs to be described to the linguistic scale, then translated into data. The paper makes the linguistic scale divide into 5 grades, and assigns for 1,2,3,4,5. After determining the design and system scope of each index, it need draw up the triangular membership function curve of each indicator, and uses fuzzy information axiom method to calculate the information concent of the index. Color index, for example, to calculate the information concent, its triangular membership function curve as shown in Fig.5 . Table 8 . The data through 0-1 standardized processing shown in Table 9 . Combined with the data in Table 6 and Table 9 , I A =-10.267, I B = 0.124, I C =10.143.
See from the calculation results, sample A has the smallest information content, thus, safety state of ham A is the best. This evaluation results conform to the actual situation.
Conclusion
According to the connotation of food safety state, the paper considers synthetically two aspects, including hygiene indexes sensory indexes and analyzes the inner factors influencing food safety state and intuitive factors that can reflect the food safety state, then builds up a set of new evaluation index system of food safety state. The evaluation theory of fuzzy information axiom is used in this study. In order to make it relevant to the evaluation of the food safety state, the process of calculation is given reasonable advance and adds a process of dealing with the data by standardization method, making evaluation result more scientific and proven. Finally, the results in the case of ham sausage, shows that evaluation process based on fuzzy information axiom can effectively assess the food safety state, and proves that fuzzy information axiom model in the field of food safety evaluation is applicative and operable and has a positive popularization value.
